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Abstract 
By means of a local magnetic perturbation we generate localized states on the surface of a ferrofluid in the bistable regime of the 
Rosensweig instability. Establishing a magnetic ramp at the edge of the vessel enables us to record the growth of the localized 
spikes with a high speed camera. From the pictures we extract their growth rate. Under variation of the local induction we find a 
square-root scaling of the growth rate, which can be understood by a saddle-node bifurcation, induced by the local variation of 
the magnetic induction. 
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1. Introduction 
 
Static liquid spikes are emerging on the free surface of a magnetic fluid (MF), when a critical value BC of the 
vertical magnetic induction is surpassed. This instability, first reported by Martin Cowley and Ronald Rosensweig 
[1] has become a landmark for ferrofluid research. Moreover it is of particular interest for the field of pattern 
formation, as demonstrated in a recent review of Rosensweig patterns [2]. The formation of a hexagonal pattern of 
spikes is commonly explained as a resonant interaction of three degenerate wave modes [3]. A different 
PRUH´DWRPLVWLF´DSSURDFKWRSDWWHUQIRUPDWLRQUHJDUGVWKHKole lattice as a crystal where an individual Rosensweig 
spike stands for an atom [4]. From this the question arises, whether a spike can also exist independently from the 
extended pattern.  
Such localized states find currently great interest [5]. Examples comprise oscillons in shaken fluids [6] and 
granular materials [4], or cavity solitons in optics [7]. For the stability of this 2D-structures a balance of strong 
GLVVLSDWLRQ DQG HQHUJ\ JDLQ ZDV EHOLHYHG WR EH HVVHQWLDO >@:KLOH WKH ORFDOL]HG VSLNHV RU ´IHUURVROLWRQV´ >@
persist without permanent energy dissipation.  
$SDUW IURP D IXQGDPHQWDO LQWHUHVW LQ WKHLU EHLQJ DQG VWDELOLW\ ´IHUURVROLWRQV´ RSHQ DOVR XS D QHZ ZD\ WR
investigate growth dynamics of surface structures. Whereas for regular Rosensweig patterns one has to develop 
special techniques [9] here a lateral observation is not hindered by surrounding spikes. Therefore the growth 
RI´IHUURVROLWRQV´FDQFRQYHQLHQWO\EH UHFRUGHGE\DKLJK VSHHGFDPHUDDV VKRZQ LQ)LJ ,Q WKH IROORZLQJZH
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measure the scaling of the growth rate under variation of the local induction Bp. The findings can be understood by a 
saddle-node bifurcation induced by the local variation of the induction. 
 
 
 
 
)LJXUH*URZWKRID´IHUURVROLWRQ´DIWHUVZLWFKLQJRQWKHSUREHFRLODWt =0 ms. 
 
2. Experimental Setup 
 
Our experimental setup is shown in Fig. 2 (a). A cylindrical Teflon
®
 vessel with a radius of 60 mm and a depth 
of 2 mm is brimful filled with the MF and situated in the center of a Helmholtz pair of coils. The magnet is cooled 
by water. In order to suppress edge-LQGXFHGVXUIDFHVWUXFWXUHVZHDUHFUHDWLQJD³PDJQHWLFUDPS´DVVKRZQLQ)LJ
(b). Whereas in the center the induction is homogeneous, the outer ramp compensates any edge-induced field ascent 
DQGWKXVHQDEOHVDODWHUDOREVHUYDWLRQRIWKH´IHUURVROLWRQV´7KH\DUHJHQHUDWHGE\DVKRUWORFDOSHUWXUEDWLRQRIWKH
induction by means of a small air probe coil, positioned beneath the center of the vessel. For recording the temporal 
evolXWLRQ RI WKH JHQHUDWHG ´IHUURVROLWRQ´ ZH XVH D KLJK VSHHG FDPHUD ZLWK D WLPH UHVROXWLRQ RI PV ZKLFK LV
positioned horizontally beside the vessel. To obtain a good contrast we illuminate from the opposite side of the dish. 
The experiments are performed with the magnetic fluid EMG 901, Lot F032905A, from Ferrotec Co. Its material 
parameters were measured and are given by the following values: a density of ȡ= 1457 kgmí3, a surface tension of 
ı= 2.5 × 10í2 Nmí1, and a dynamic viscosity of Ș= 21.1 × 10í3 Pa s. In our field range the measured magnetization 
curve M(H) is well described by a Lagevin function. The fit yields a saturation magnetization of Mۻs = 28.86 kAmí1, 
and an initial susceptibility of Ȥ0 = 2.22. From this data we calculate iteratively Bc,theor =11.5 mT [10]. The 
experimental value was measured as Bc,exp= 9.7 mT, which shows a difference of about 16%. 
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(a) 
 
(b) 
 
)LJXUH6NHWFKRIWKHH[SHULPHQWDOVHWXSDDQGWKHXWLOL]HGPDJQHWLFUDPSE7KHIXOOGDVKHGOLQHVVKRZWKHUHFRUGHGLQGXFWLRQZLWK
ZLWKRXWWKHPDJQHWLFIOXLGUHVSHFWLYHO\7KHKRUL]RQWDOOLQHLQGLFDWHV%FH[S P7 
 
3. Results and Discussions 
 
First we measure the amplitudes of the regular Rosensweig pattern for a quasi-adiabatic increase and decrease of 
BH, which denotes the induction of the Helmholtz coils. This is shown in Fig. 3 together with a fit by the solution of 
an amplitude equation [8]. The solid (dashed) curves display the stable (unstable) solutions. The hysteretic regime is 
determined from the fit and ranges from B*H = 8.7mT to BH,c = 9.P7)RUJHQHUDWLQJ´IHUURVROLWRQV´ZHVHOHFWD
subcritical bias induction BH, which lies inside the hysteretic regime. Then the local induction Bp is added to the 
uniform field. As demonstrated in Fig. 4(a), this field is jumplike increased from zero to a supercritical value at time 
t = 0 ms. Figure 4(b) shows the typical temporal evolution of the amplitude of the solitary spike, corresponding to 
the pulse sequence in chart (a). Instead of an exponential growth, we note a delay at small amplitude, until a rapid 
growth sets in again. For convenience we determine the time delay td from t = 0 ms to the numerically determined 
inflection point. $IWHUWKH´IHUURVROLWRQ´KDVIXOO\GHYHORSHGBp is switched off and the peak is adapting to the new 
induction, but remains. The inset snapshots in chart (b) show the flat surface at time t = 0 ms and the solitary spike 
with (without) the additional field Bp at time t = 650 (1100) ms. If the probing induction Bp is below a critical value 
Bp,c, we observe just a surface elevation, and not the formation of a peak.  
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Figure 3: Hysteresis curve for the Rosensweig instability of the magnetic fluid EMG 901 in dependence of the magnetic bias induction BH. 
The squares (triangles) show the amplitude for an increasing (decreasing) magnetic field. The full and dashed line give the corresponding 
stable and unstable bifurcation branch. The full and open dots mark the amplitudes of stable and unstable spikes, with and without the 
additional field from the probe coil. 
 
 
 
)LJXUH*URZWKPHDVXUHPHQWRID´IHUURVROLWRQ´D3XOVHsequence of the probe coil. The full lines display the jump from zero to a 
supercritical induction and back to zero. (b) Time resolved amplitude of a spike resulting from the pulse sequence in chart (a) with BH = 9.0mT 
and Bp = 1.1 mT. The inset snapshots VKRZWKUHHFKDUDFWHULVWLFIRUPVRIWKHGHYHORSLQJVWUXFWXUHIODWVXUIDFHDWWKHEHJLQQLQJDQG´IHUURVROLWRQ´
with and without additional field). The delay time td is indicated by horizontal arrows. 
 
1H[WZHLQYHVWLJDWHWKHUDQJHRIVWDELOLW\RIWKH´IHUURVROLWRQV´IRUYDULRXVBH, including inductions with BH < 
B*H. We find stable and unstable solitary spikes. The difference between them is demonstrated in Fig. 3. 
$´IHUURVROLWRQ´ LVJHQHUDWHG inside the hysteretic regime of the Rosensweig instability, e.g. at BH = 8.93 mT. Its 
amplitude with the additional induction Bp (open circle) is significantly higher than the height of a Rosensweig peak 
(triangles). When switching off Bp the spike is relaxing (vertical arrow) and the amplitude is approaching a value 
(open circle) slightly higher than the one of a regular Rosensweig peak. In contrast a spike which is generated below 
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the hysteretic region, e.g. at BH = 8.27 mT, collapses totally when Bp is switched off. We have measured in detail a 
phase diagram of Bp,c(BH), which unveils that Bp,c shrinks to zero as BH approaches BH,c (here not shown).  
In the following we determine the delay time td (c.f. Fig. 4) from a series of amplitude curves for increasing Bp. 
The inverse of td has the dimension of a growth rate. In Fig. 5 we plot t d í2 versus the rescaled probing induction BÖ = 
(Bp í Bp,c)/Bp,cIRUD´IHUURVROLWRQ´VROLGVTXDUHV7KHGDWDFDQZHOOEHILWWHGE\WKHVFDOLQJODZ 
 
21/Ö  Batd       (1) 
 
where a is a fit parameter. The delayed growth and its scaling (1) is characteristic near a saddle-node bifurcation. 
Such a bifurcation can be induced by an imperfection added to the transcritical bifurcation describing the instability 
of a rotationally symmetric spike. In the experiment the imperfection is created by Bp. In numerical investigations 
[11] we corroborate this bifurcation scenario together with the scaling law (1). Moreover we recover the stability 
diagram Bp,c(BH). 
 
 
 
Figure 5: The delay times determined according to Fig. 4 for BH = 8.71 mT. A fit of the data with Eq. (1) yields the solid line, with  
a = (45.0 ± 0.3) ms. 
 
4. Conclusion 
 
Utilizing a magnetic ramp we investigated the stability and growth dynamics of solitary spikes which can be 
created in the advent of the Rosensweig instability by applying a pulse of a local magnetic field. We observe a 
delayed growth, different from the exponential growth in a homogeneous field [9]. From the evolution of the spike 
amplitude we extract a scaling (1) which is characteristic for the advent of a saddle-node bifurcation. It remains to 
be demonstrated [11] that an imperfection added to the transcritical bifurcation can reproduce this scaling law and 
the stability diagram Bp,c(BH). Support by SFB 481 is gratefully acknowledged.  
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